B y M . J. D . P o w e l l , F .R .S .
I n t r o d u c t i o n
E v e l y n M a r t i n L a n s d o w n e B e a l e was a talen ted m ath em atician at school and university. C .E .I.R . becam e Scicon (Scientific C o n tro l System s L td ) b u t M a rtin rem ained th ere, being its ' Scientific A dviser * finally, a title th a t reflected his strong p reference for advancing his subject in a benevolent way despite th e com m ercial p ressures of in d u stry . R egularly on M ondays from 1967 he a tten d ed th e M athem atics D e p artm en t at Im p erial College as a visiting professor. T h e re , at conferences and in his p u b lish ed w ork, he com m unicated his ex trao rd in ary skill at extracting useful results co m putationally from m athem atical m odels of real problem s. M ost of his p ap ers on p articu lar calculations and on p a rticu lar tech n iq u es are su b stantial c o n trib u tio n s to know ledge, b u t p ro b ab ly he will be rem em b ered best for his co nstant and active in terest in th e d evelopm ent of m a th e m atical p rogram m ing system s for applying op tim izatio n algorithm s painlessly in practice. H e w rote (1961 c ) * t h a t 'T h e m ost im p o rtan t p a rt of operational research is educated com m on sense, and co m p u ters have absolutely no com m on sense ', b u t he p lan n ed his system s so well th a t th is defect of com puters was negligible. T h e re are no secrets of his success as he believed in open publication of useful discoveries. In all ways he was generous and kind, subject to high stan d ard s of honesty and academ ic in tegrity. H e was devoted to his fam ily and to the C h ristian faith.
N um bers given in this form refer to entries in the bibliography at the end of the text.
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Biographical Memoirs
F a m i l y l i f e M a rtin w as b o rn on 8 S e p te m b e r 1928, at S tan w ell M o o r in M id d lesex , th e e ld er ch ild o f E velyn S te w a rt L a n sd o w n e B eale an d M u rie l R ebecca, nee Slade. T h e n his fa th e r, w ho h a d stu d ie d X -ra y s an d cry stal s tru c tu re w ith S ir W illiam B ragg, F .R .S ., was S e n io r P h y sic ist an d R esearch E n g in e e r at th e research statio n o f th e A n g lo -P e rsia n O il C o m p a n y at S u n b u ry . T h is w ork took th e fam ily to P ersia fo r a y ear in 1932, a b o u t one y ear after th e b irth o f M a r tin 's b ro th e r Ju lia n . O n th e ir re tu rn th ey m o v ed to M ark h a m S q u a re , C helsea, keep in g a h o u se in M id d lesex , b u t M a rtin was unw ell. E v en tu ally it was fo u n d th a t he h ad c o n tra c te d m alaria in P ersia, so he d id n o t b egin his fo rm al ed u ca tio n u n til 1934, at th e M o n tesso ri School in L o n d o n , w h ich he a tte n d e d for tw o years. H is fa th e r left th e oil b u sin ess to set u p a p riv a te c o n su ltan cy firm for in d u s try w ith R. D e n m a n , and w orked b rillia n tly on a w ide ran g e o f e n g in ee rin g p ro b le m s (
The Times 1972) . T h ro u g h o u t W o rld W a r II his m o th e r w C h a ir o f th e L o n d o n an d M id d lesex b ra n c h o f th e W o m e n 's L a n d A rm y .
A t school M a rtin show ed an a p titu d e fo r figures, b u t his w ritin g began cu rio u sly as he had learn t th e alp h ab e t fro m w ooden b rick s w h en 2, so to h im th e o rie n ta tio n o f th e le tte rs w as u n im p o rta n t. H e stu d ie d L a tin w ith his m o th e r w hen 8, an tic ip atin g e n try to S t A u b y n 's p re p a ra to ry school (R o ttin g d e a n , Sussex) in 1937, b u t he w as at h o m e th ro u g h o u t 1 9 3 9 -4 0 because of ill h ealth . H o m e w as now above T re y a rn o n Bay, for th e Beales h ad becom e c ap tiv ated by th is p a rt o f C o rn w all d u rin g a h o lid ay at C o n sta n tin e , an d th e y had b u ilt W in d h o v e r H o u se w ith th e D e n m an s, an a d d itio n to th e ir p ro p e rtie s in M ark h a m S q u a re an d in M id d lesex . M a rtin stu d ie d at hom e w ith Ju lia n and som e o th e r c h ild re n d u rin g th a t year, and th is sm all school c o n tin u e d th ro u g h o u t th e w ar, alth o u g h M a rtin re tu rn e d to S t A u b y n 's in 1940, w h ich h ad ev acu ated to B ettw sy -C o ed . T h e re he aim ed fo r a sch o larsh ip to W in c h e ste r in 1941, b u t m easles p re v e n ted h im fro m trav ellin g for th e ex am in atio n . A fte r a fu rth e r year at S t A u b y n 's his m ath em atics m a ster, th e late E. W eb b e r, said to his w ife : ' I c an n o t teach any m ore m a th e m atics to M a rtin Beale, I have ta u g h t him all I k n o w .' M a rtin was at W in c h e ste r fro m 1942 to 1946, having gained th e second sch o larsh ip in 1942. A lth o u g h he was th e jo in t w in n e r of th e R ic h ard so n prize for m ath em atics th e re , he was advised n o t to try to follow his fa th e r fro m W in ch e ster to T r in ity C ollege, C am b rid g e, because the co m p etitio n m ig h t be too stro n g . M a rtin rejected th is advice and w en t u p to T r in ity w ith a sch o larsh ip in 1946.
B ridge was a very stro n g in te re st o f M a r tin 's at C am b rid g e. H is in tro d u c tio n to this gam e was a fascinating book on ev alu atin g th e stre n g th s of h a n d s by co u n tin g losers, w hich he h ad fo u n d w h en v isitin g his m a te rn al g ra n d p a re n ts at S to k e n c h u rc h in 1939. E arlier he and Ju lia n h ad sp en t m u ch tim e on devising th e stru c tu re an d ru n n in g o f an im ag in ary c o u n try b u t b rid g e replaced th is activity. H a n d s w ere d iscu ssed on jo u rn e y s to C ornw all, an d he devised a new b id d in g sy stem fo r th e fam ily, th e usu al fo u r b eing M a rtin , Ju lia n , M rs Beale an d h e r m o th e r. B o th M a rtin an d Ju lia n p layed for C am b rid g e ag ain st O x fo rd , an d Ju lia n w e n t on to play for E n g lan d in in te rn a tio n a l m atch es. H av in g h e ard th a t M a rtin w o uld w ork in his g ro u p at th e A d m ira lty R esearch L a b o ra to ry , S. V ajda v isited h im at C am b rid g e, b u t a p p aren tly he show ed m o re in te re st in a book he h ad b e g u n to w rite on b id d in g system s (w hich was n o t p u b lish e d ) th a n in his fu tu re e m p lo y m en t. M a rtin d id , how ever, jo in th e m a th e m atics g ro u p o f th e A .R .L . fro m C am b rid g e, h aving gained a first-class h o n o u rs degree in m ath em atics in 1949 an d a d istin c tio n in th e statistics d ip lo m a in 1950.
H e sp en t th e u n iv ersity vacations at h o m e in S tanw ell M o o r o r T re y a rn o n Bay, and c o n tin u e d to live w ith his p a re n ts w hen he jo in e d th e A .R .L ., m oving from Stanw ell M o o r to W h iteh all, W ra y sb u ry (also in M id d lesex ) in 1952. O n 1 Ju ly 1953 he m a rrie d V iolette E lizab eth A nne L ew is (B etty) at S t M a ry 's C h u rc h , H a m p to n . T h e y h ad m et in tim e to celeb rate his 22nd b irth d a y to g e th e r for she was a scientific assistan t in th e A .R .L . M ath em atics G ro u p . T h is celeb ratio n was because she had b een sad to hear th a t M a rtin had sp en t his 21st b irth d a y playing b rid g e, b u t he soon encouraged h e r to play too. A n early exam ple o f his co n cern for teach in g o th ers o c cu rred on a tra in fro m W aterloo w hen B etty so u g h t refuge in a 'ladies o n ly ' c o m p artm e n t as she d id n o t w ish to receive in stru c tio n , b u t M a rtin , fro m the c o rrid o r, was d eterm in e d to en lig h ten h e r on th e lead to defeat a co n tract th a t h ad o ccu rred earlier in th e evening. She soon becam e p a rt of the Beale fam ily, visiting W in d h o v er several tim es before th e ir m arriage, and enjoying cycling, w alking and b rid g e w ith M artin . T h e y becam e firm frien d s and d e p en d e n t on each o th e r for th e rest of his life.
T h e ir first hom e was a sm all terrace house at S traw b e rry H ill, T w ick en h am , w ith in cycling distance of A .R .L ., w here B etty c o n tin u ed w orking u n til a few weeks before the b irth of th e ir eld er son, N icholas, in F e b ru a ry 1955. T h e ir d au g h ter, R achel, was b o rn in M ay 1957. T h e fam ily sp en t 1958 in th e U .S .A . (at P rin ce to n except for a six-w eek su m m e r visit to L os A ngeles), w hich n o t only help ed M a rtin 's career b u t also pro v id ed initial contacts w ith several A m ericans w ho becam e in tim ate friends of the fam ily, in cludin g G eorge D an tzig and P h ilip W olfe. O n re tu rn in g to E n g lan d they w ere able to afford a car. T h e ir y o u n g er son, M arcus, was b o rn in A ugust 1960. In 1963 they m oved to E m b er L ane, E sher, S u rrey , from 3 bedro o m s to 5, B etty having found th e house as M a rtin was so im m ersed in his w ork.
A t th e ir new hom e M a rtin w ould w ork on the sittin g room floor, and even th ere he enjoyed the com pany of his ch ild ren p ro v id ed they did n o t d istu rb his papers. M any visitors cam e to E m b er L ane, and E. H ellerm an (D an tzig & T o m lin 1987) w rite s : ' O ne evening, I th in k it was in 1967, m y w ife an d I w ere gu ests at th e Beale h om e in E sh e r. A fte r a fine d in n e r an d stim u la tin g co n v ersatio n , M a rtin , k n o w in g th a t I h ad a b a c k g ro u n d in m u sic, d ecid ed th a t he an d his fam ily w o u ld sing a G ilb e rt an d S u lliv an o p e re tta . E ach m e m b e r o f th e fam ily w as assig n ed one o r m o re roles to sing, an d th e n to th e m u sic o f a re c o rd in g th e p e rfo rm a n c e en su ed . N eed less to say, I h ad n e v er h e a rd a re n d itio n o f G ilb e rt an d S u lliv an w ith m o re sp irit and g usto. M a r tin 's e n th u sia sm for th e m u sic sp illed o v er in to th e fam ily. ' T h is e n th u sia sm in c lu d e d co m p o sin g ' P in g w e n t th e b e ll' fo r th e fam ily an d pian o playing, especially th e m u sic o f H a y d n . L a te r R achel stu d ie d m u sic at th e D a rtin g to n C ollege o f A rts, an d N ich o las an d M arcu s too becam e stro n g e r m u sician s th a n M a rtin . R em ark ab ly , N ich o las an d M arcu s also o b ta in e d sch o la rsh ip s fro m S t A u b y n 's to W in ch e ster, an d th e n w en t u p to T r in ity C ollege, C am b rid g e , w h ere th e y read m a th e m atics and a rc h ite c tu re respectively. O n S u n d ay s th e fam ily reg u larly a tte n d e d c h u rc h at W esto n G re e n , n e a r E sh er, an d th e n sp en t th e re st o f th e day at W h ite h all. T h e re th ey th o ro u g h ly enjoyed th e creatio n s o f M a r tin 's fa th e r, in c lu d in g a g o -c a rt A fte r M a r tin 's a p p o in tm e n t at Im p e ria l C ollege, R achel, w h en w ritin g ho m e fro m school, a d d re ssed h e r le tte rs to 'P ro fesso r an d M rs B e a le ', b u t th e school office had b een advised to w rite to 'M r an d M rs B e a le '. W h en q u e stio n ed on th is anom aly, R achel ex p lain ed th a t h e r fa th e r was a p ro fesso r only on M o n d ay s. F ro m th e n on th e fam ily a d o p te d th is d istin c tio n gleefully, an d B etty recalls: 'W h en he becam e an F .R .S . everyone w as b eing a n n o u n ce d as th ey g re e ted th e P re sid e n t at a C o n v e rsaz io n e :-" L o rd and L a d y X " , " H is E xcellency th e A m b a ssa d o r for Y '', " P ro fesso r and M rs Z " , . .. ; M a rtin gave o u r n am e as " M r an d M rs M a rtin B e a le " . I said later " Y ou m ig h t have said P ro fesso r on th is o c c a sio n " . " W h y ? " he rep lied sim ply, " It is n 't a M o n d a y " . ' H is fa th e r died in 1972 an d for a few years his m o th e r c o n tin u e d to ru n b o th W h ite h all and W in d h o v e r H o u se, w h ere she w as v isited reg u larly by h e r d escen d en ts. She th e n d ecid ed to re ta in only W h iteh all, b u t M a r tin 's a tta c h m e n t to C ornw all w as so stro n g th a t he sold th e h o u se at E m b e r L an e in 1977 to b u y W in d h o v er. B ecause he n eed ed a base n ear L o n d o n too, M a rtin and his fam ily also resid ed in a p a rt o f W h iteh all. In a typical w eek he w o uld drive to T re y a rn o n Bay after w ork on th e F rid ay an d re tu rn to W h ite h all on th e S u n d ay aftern o o n , m u c h refresh ed by th e w eekend in C ornw all. O f course he was allow ed leave fro m his activities at Scicon, b u t his holidays w ere seldom m o re th a n tw o w eeks long. T h e 1978 holiday was tra g ic : his b ro th e r, Ju lia n , d u rin g one o f his fre q u e n t visits to T re y a rn o n Bay, fell to his d e ath in a cliff accident.
C o n fe re n c e s also p ro v id e d M a rtin w ith a ch an g e o f scen e, b u t he in v a ria b ly a tte n d e d all available le ctu res. O th e rw ise he p a rtic ip a te d e n th u sia stic a lly in e x c u rsio n s a n d o th e r a c tiv itie s; fo r ex am p le, he w as a m o n g th e g ro u p fro m th e 1972 F ig u e ira da F o z N A T O S u m m e r S ch o o l w h o o n m a n y e v en in g s d ro v e fu rio u sly in b u m p e r cars at a local fa ir g ro u n d . B etty alw ays a cc o m p a n ie d h im to th e trie n n ia l sy m p o sia o f th e M a th e m a tic a l P ro g ra m m in g S ociety (M .P .S .), a n d th e re th e y th o ro u g h ly e n jo y ed m e e tin g frie n d s, alw ays fin d in g a w ay o f o fferin g h o sp ita lity , ev en a t th e M a ssa c h u se tts In s titu te o f T e c h n o lo g y in 1985 w h e re th e y sh a re d a tin y ro o m in a s tu d e n t d o rm ito ry . T h e 1973 sy m p o siu m at S ta n fo rd U n iv e rs ity w as u n u s u a l as M a rtin a rriv e d a w eek early in C a lifo rn ia fo r a h o lid ay . A ll th e fam ily tra v e lle d th e re , a n d also th e y all a tte n d e d th e m e e tin g in B u d a p e st in 1976, w h e re th e y w ere in th e p u b lic eye, as M a rtin w as th e n C h a irm a n o f th e M .P .S .
H is h ig h re p u ta tio n b ro u g h t h im m o re a n d m o re c o m m itm e n ts d u rin g th e last 10 years o f h is life, a n d his re sp o n se w as to w o rk even h a rd e r as In 1984 we went to India to give a course of lectures to the Oil and N atural Gas Commission on optimization in the oil industry. From the m om ent that we got on the plane it was evident that he knew how to enjoy himself and to receive as well as to give. He was at home with the Indians, who were so eager to learn, and entered fully into the spirit of a coach trip around Ahmedabad and the surrounding countryside which was put on for us and for the participants on the course. Back in Delhi he showed no dismay, if he felt any, at the spartan accommodation which was provided for him at the Indian Statistical Institute and proceeded to spend his spare time sight seeing, travelling around on the local buses rather than seeking out a more salubrious form of transport.
U su a lly he w o u ld w ear a ja ck e t and tie on su ch ex cu rsio n s.
H e was seriously ill at th e b e g in n in g o f 1985. In ste a d o f a large cele b ra tio n o f one gigasecond (109 seconds) o f m a rria g e to B etty on 9 M a rch 1985 th e re w as a sm all p a rty . H e was to ld at th e en d o f A u g u st th a t his c o n d itio n w as te rm in a l, an d his response w as to go on b ein g as en erg etic as possible. S ir D av id C ox, F .R .S ., of Im p e ria l C ollege w rite s: ' H e was a d istin g u ish e d m a n in a deep sense o f th e te rm . W h ile one re m e m b ers h im p rim a rily as at th e h e ig h t o f his activ ity it is im p o ssib le n o t to 2 RBM m ention the closing m onths of his life. H e continued w orking up to and beyond the lim it of his strength u n d er conditions of great discom fort, and his dignity and courage d uring this period will not be forgotten by those who w itnessed them . In this period, as no do u b t th ro u g h o u t his m arried life, he was sustained by B etty's quite exceptionally devoted care. ' H e was at w ork as usual during the last week of his life, b u t was taken by air to his beloved hom e in C ornw all on 21 D ecem ber w here he died on M onday, 23 D ecem ber. I have introduced L P to others as well, b u t they did not n u rtu re the seed the same way as M artin has d o n e .' H is early studies yielded some incisive papers that are discussed later. Also m uch of his tim e was spent on governm ent projects. F or exam ple, K . Bowen (1986) reports that in 1951 he was the statistical adviser of the H igh Frequency D irection F inding Analysis W orking Party, and th a t: ' In those days, we had to battle against M a rtin 's unw orldly know ledge, as well as battling to u n d erstand it, b u t we knew th at we had a rare talent and we used it to the full. T o instance only one contribution, we owe to M artin the operational and excellent Brooke bearing classification system . ' (D etails are given in references 1961 a and b.) U npublished work at A .R .L . included studies of m ine-sw eeping perform ance and radioactive fallout. H e attended the nuclear tests on C hristm as Island. T h e 1958 calendar year was spent as a Research Associate in the Statistical T echniques L aboratory at Princeton U niversity w here his colleagues included G . E. P. Box, H . W . K uhn, C. L. M allows, A. T ucker and J. W . Tukey.
T h e m ental concentration that he b rought to the problem s he addressed shut out conventional behaviour. Indeed K. Bowen w rites (1986): 'I rem em ber, and they will never forget, his perform ance for a U .S .A .-C anadian group of analysts in Room 39, in the A dm iralty. W ith an array of tabulations and diagram s on a long table, he started by kneeling on a chair and finished on the table, w andering about the data on hands and knees.' T h is single m indedness continued for at least 10 years, because A. S. D ouglas recalls (1986) from 1962 th at: 'H e never w orried w hat people m ight think of him . If it im proved his thought processes he w ould lie down and raise a leg or clim b on the table or stuff his handkerchief in his m outh. Peter W indley did once com m ent to me that he " wished M artin would take his handkerchief out of his m outh w hen dropping one of his pearls of w isdom '' -b u t it was said in am usem ent rather than annoyance. Indeed no one m inded w hat he did, since he always came up w ith useful and perceptive rem arks, from w hatever position and through w h a tev e r o b stru c tio n s th ey w ere d e liv e re d ! ' T h e q u ality of his early research is co n firm ed by S. V ajda: ' H e w as h ig h ly a p p re cia te d at A .R .L . W h e n m e m b e rs h ad to be assessed, it m ig h t have b een asked " Is (s)he as good as B e a le ? " F ew w e re . ' C D ouglas (1986) . T h e y in clu d ed m o d ellin g th e diffusion e q u atio n s th a t govern th e o u tp u t o f oil-fields, an d th e sim u latio n of a ir-b a ttle s for th e S hape T e c h n ica l C en tre. H e also began his very im p o rta n t w ork on th e d ev elo p m en t of m ath em atical p ro g ram m in g system s for th e solution o f general calculations, because such system s w ere a m ajo r p a rt of th e com m ercial success o f th e p a re n t co m p an y in th e U n ite d S tates. H e led th e B ritish C .E .I.R . g ro u p th a t w orked in th is field in c lu d in g M . U M PIR E was built in an informal atmosphere which would horrify today's ' structured everything ' advocates. In the first year or two there were five or six of us working for M artin on the project, which is said to have begun when Rita Walton was called into his office to write FORM C. The three or four more junior team members shared an office, and I think M artin found us a bit unruly. There was a high non-English quotient -at various times there were members from America, Australia, Canada and India, all conspiring with his German secretary -and we often found M artin's very English mannerisms amusing. I 'm sure he knew this, but never, of course, referred to it. We encouraged M artin's eccentricities. When we hit a snag, or a new idea looked promising, he had a way of climbing on the nearest desk or mangling the end of his tie, while he mentally solved the problem to his own satisfaction before enlightening us. This was often much more entertaining than the work we were supposed to be doing, which M artin sometimes poured on at a fierce pace, assuming that everyone could keep up with him. One would sometimes dread those mornings when he would come in with a sheaf of papers full of new ideas, and often code to be implemented.
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Som e technical details of U M P IR E and o f its successor S C IC O N IC are given later. R. S. H attersle y of th e S C IC O N IC team recalls: 'M a rtin was alw ays refresh in g to w ork w ith because he w o u ld a p p ro ach any p ro b le m w ith an open m in d , and alw ays p re fe rre d to try a new idea th an force an existing solution to fit. H e p ro d u c e d ideas at a fo rm id ab le rate w ith o u t pau sin g for w eekends, holidays, and it som etim es seem ed, sleep. W e w ere often fighting a losing b a ttle to u n d e rsta n d and test th e m all b u t we d id n 't like to d isap p o in t him by having no resu lts to re p o rt. F o rtu n ately , he was alw ays ready to stop and explain his th o u g h ts as often as necessary, and m oreover he w ould be gen u in ely c o n cern ed if he th o u g h t we w ere w orking too h a rd and pro m ise to re stra in his in v en tiv e ness. ' A n o th e r view o f th e la tter p a rt of his career at Scicon is fro m his secretary, B. P e b e rd y :
W hat always struck me was M artin's ability to be friendly with and make welcome eminent people or the most lowly person in the company. Although he was a splendid person to work for, he also expected people to work as hard and as efficiently as he thought them capable of. He did not suffer carelessness or fools gladly. At the same time he was very patient if people could not easily understand something. His total unstuffy, non-pompous, modest and rather humble manner belied a joy-filled and uninhibited personality, which came as a great surprise to people who didn't think past the mathematical genius to find this delightful person within. It was not uncommon to see him skipping down the corridors, skipping gleefully because he had solved an annoying mathematical problem.
In view of M a rtin 's achievem ents and lead ersh ip at Scicon, it is rem ark able th a t he also fo u n d tim e to m ake a very su b stan tial c o n trib u tio n to teaching at b o th u n d e rg ra d u ate and p o stg rad u ate level at Im p erial College. H is w ork th e re is described by J. T . S tu a rt, F .R .S .:
M artin Beale's association with the Department of Mathematics goes back to 1967 and he was a Visiting Professor from October of that year until his death in December 1985 . Visiting Professors at Imperial College often play a very important role but I doubt if there are any who can match the regularity with which M artin came to the College and prosecuted both teaching and research work over such a long period. It is fair to say that he came on Monday of almost every week of the year during those 18 years. He taught third year undergraduate courses on operational research and related areas, and participated regularly in the teaching programme of our M.Sc. course in Statistics. In addition, he had many research students who graduated with Ph.D. degrees from our Department after having studied under his direction. Thus, in a real sense we came to regard M artin Beale as a permanent member of our Department and many of us feel he achieved as much in one day a week as might reasonably be expected of a full-time member of the staff, he was that active in both research and teaching. Our Visiting Professor scheme is designed to foster contacts with research workers outside the academic sphere and particularly with industry. M artin entirely characteristically took his duties extrem ely seriously and over the years lectured regularly to final year undergraduate students of m athem atics on optim ization and operational research and to M .Sc. students of statistics on num erical optim ization. In addition and very im portantly he supervised a succession of doctoral students, 10 over the period in question. In the initial period I think students found his lectures difficult, particularly because M artin 's style was not suited to the habits of British undergraduates who tend to work not so m uch from textbooks as from lecturers' notes which are expected to be given in a form lending themselves to coherent note-taking. An anecdote from those early years in many ways characteristic of the m an is told by an ex-colleague who attended one of M artin 's courses. One of the students was rather noticeably asleep. M artin at first made no com m ent, but tow ards the end of the period said to my colleague " Please wake M r X. He will find this next bit interesting " . I feel sure this was said out of real concern and was not to be taken sarcastically. He was more of a father than a supervisor to me. He had the outlook of the legendary Chinese M artial Arts Teacher who would punch hard to make the pupil learn to punch and praise when he had learned. M artin Beale had the magic of making the most difficult of subjects a child's play. I was taught to be critical of any result by not being deceived by its beauty but being careful to explore fully its usefulness. He usually set me on a job like so: " Investigate the correctness of this concept. If correct, why, and if not, why n o t.'' Such was the man M a rtin ! He was a very thorough man who believed in a high standard of work and was very uncom prom ising about this.
O f c o u rse h e also gave m u c h e n c o u ra g e m e n t a n d g u id a n ce to y o u n g re se a rc h e rs at S cicon, as sh o w n in a trib u te fro m R . M . H a tte rs le y : 'M a rtin ta u g h t m e, w ith p a tie n ce an d k in d n e ss, m o st o f w h a t I k now a b o u t m a th e m a tic a l p ro g ra m m in g . H e p ro m o te d in m e a la stin g in te re st in th e field, a n d fo r th a t I am in his d e b t, as n o d o u b t are m a n y o th e rs b e fo re m e. * T h e re sea rc h o f very m a n y p eo p le w as h e lp e d b y his p a rtic ip a tio n in c o n feren ces. H is in v ite d le ctu res w ere alw ays u sefu l b u t n o t alw ays easy to follow , becau se in a single talk he w o u ld o ften give d etails o f m an y d iffe re n t su b jects. T h e y w ere th o ro u g h ly en jo y ab le, h o w ev er, as M a rtin ex celled at conv ey in g his e n th u sia sm , a n d he w o u ld n o t expose a to p ic u n less he believ ed th a t it w as valuable. T h e c o n te n ts o f th ese le ctu res are c o n sid e re d la te r in th is m e m o ir. W h e n liste n in g to p a p ers he sat n e a r th e fro n t o f th e au d ien ce, h e was alw ays a tte n tiv e , a n d u su ally he asked q u e stio n s. H e trie d m u c h h a rd e r th a n m o st p eo p le to u n d e rs ta n d all th a t w as said, an d fre q u e n tly he so u g h t fu rth e r in fo rm a tio n fro m sp eak ers a fte r th e ir p re se n ta tio n s. T h e s e d iscu ssio n s w ere o ften o f m o re h e lp to th e sp eak ers th a n to M a rtin , b u t his th irs t fo r k n o w led g e o f m a th e m atica l p ro g ra m m in g a lg o rith m s th a t m ig h t be u sefu l w as u n q u e n c h a b le . A t c o n feren ces he h a rd ly ever m issed an o p p o rtu n ity to listen to a relev an t p a p e r an d he d id n o t skip talks th a t w ere given by u n k n o w n research ers. In 1964, he was the leading spirit in organizing an 'International Sym posium on Mathematical Programming ' in London, the first such meeting held outside the United States. Subsequently, finding a small surplus of funds in their treasury, the organizers designated it the ' International Pro gramming F u n d ' and chose a small international committee to hold it. This was the first step in the identification of Mathematical Programming as a professional specialty, and eventually led to the formation of the M athe matical Programming Society in 1972. The newly formed society recognized M artin's achievements in many ways. The first election held by the Society had to choose both its first Chairman and his successor. George Dantzig was the first Chairman and M artin the second, serving from 1974 to 1976. Prior to that, he was asked to join the board of senior editors of the Society's new journal, Mathematical P r o g r a m m i n g , a small group which included two wh later became Nobel laureates. He served on the Council of the Society from 1982 to 1985 and otherwise on several of its committees. W hether he had an official role or not, he was regularly consulted on all matters of policy, and his advice was followed.
T h e academ ic excellence of his w ork was acknow ledged by his election to th e Royal Society in 1979, and by the aw ard of th e Silver M edal of the O perational R esearch Society in 1980. H e was a m em b er of C ouncil of th e Royal Society in 1984-85. H is first pap er, p u b lish e d in 1954, p resen ts an in d e p en d e n t discovery of th e dual form o f th e sim plex alg o rith m for linear p ro g ram m in g in th e follow ing original way. O ne req u ires the least value o f a lin ear fu n ctio n of n n o n -n eg ativ e variables sub ject to m< linea b u t one of these c o n strain ts are used to elim inate (m -1) of th e variables, leaving a p ro b lem in (n -m + 1) variables w ith one eq th a t can be solved explicitly. If the values of th e elim in ated variables at th is solution are non-n eg ativ e th en th e calculation is com plete. O therw ise one m e m b e r of th e set of elim inated variables is altered and a new iteratio n is b egun, the change being such th a t each iteratio n increases the value of th e objective fu n ctio n except in degenerate cases. T h u s convergence is usu al b u t reference 19556 gives an early exam ple o f cycling in linear p ro g ram m in g calculations.
T h is w ork led to one of th e first algorith m s for q u ad ratic p ro g ram m in g (1 9 5 5a, 1959c), w here the calculation of th e previous p arag rap h is generalized by allow ing the objective fu n ctio n (.Fsay) to be q u ad ratic, b u t th e co n strain ts are as before. A linear ap p ro x im atio n to F allows any linear p ro g ram m in g m eth o d to provide a fru itfu l d irectio n of search in th e space of th e variables, b u t now th e best step along this directio n m ay be d e term in e d by th e cu rv atu re of F instead of by a co n strain t bou n d ary . T h e key idea is to absorb this possibility into th e linear pro g ram m in g fram ew ork by defining th e directional derivative along th e search d ire c tio n to be a new variable, w hich gives one m o re v ariable an d one m o re linear equality c o n strain t. M aking th e new variable zero p ro v id es th e o p tim al step th a t is d e term in e d by the c u rv a tu re o f F , an d th e new variable can be d ro p p e d w hen it is no longer useful. H o ld in g th e new variable at zero is equiv alen t to m aking fu tu re search d irectio n s conjugate to th e search d irectio n th a t defined th e new variable, so in fact M a rtin p ro p o sed one of the earliest conjugate directio n alg o rith m s, b u t he does n o t m en tio n conjugacy explicitly u n til his survey p a p er (1967 H ow ever, he observed in 1955 (1955a) th a t th e key idea is also suitable for m in im izin g th e sum of the largest t te rm s from a set of s lin ear fu n ctio n s (w here s and t are any positive integ ers w ith ^ s), b u t it seem s th a t th is suggestion has n o t been taken fu rth e r.
T h e use of conjugate search directio n s is th e only tech n iq u e for m in i m izing sm ooth u n s tru c tu re d fu nctions o f several variables th a t receives m u c h a tte n tio n in his p u blications, and it is th e su b ject o f som e su b stan tial w ork. M u ch tim e was given to C G A P (conjugate g rad ien t m e th o d o f ap p ro x im atio n pro g ram m in g ), w hich m inim izes a general differentiable fu n ctio n subject to general co n strain ts. C G A P is p articu larly efficient w hen, for any fixed values of a few of th e variables, th e rem ain in g calculation is an L P (linear p ro g ram m in g ) p ro b lem . C hanges to n o n lin ear variables are derived from linear ap p roxim atio n s to n o n lin ear term s, and th e co n strain ts usually allow som e o f these variables to be 'in d e p e n d e n t', w hich m eans th a t th e ir values are free so o th e r variables are a d ju sted to satisfy the constraints. C onjugate search d irectio n s are used w hen th e set of n o n lin ear in d ep en d e n t variables is un ch an g ed and w hen no d erivative d isco n tin u ities arise from th e L P p ro b lem th a t d eterm in es th e linear v ariab les; otherw ise th e steepest feasible d escen t d irectio n is p referred . M any o th e r details are im p o rta n t to efficiency (1974e, 19806 (w 19826) , and it is stated th a t ' S erious use of the c u rre n t version of the system has been confined to a sequence of oil p ro d u ctio n p roblem s for th e K u w ait O il C o m pany '. L a te r M a rtin seem s to have decided th a t m ore successful p ro ced u res had becom e available for nonlinearly constrain ed calculations, because C G A P is n o t m en tioned in his 1985 survey of m athem atical p ro g ram m in g system s (1985a).
In reference 19726 he proposed the first conjugate g rad ien t p ro ced u re for u n co n strain ed o ptim ization th a t achieves q u ad ratic te rm in a tio n from a general initial search direction. T h e m eth o d , w hich is now em ployed in several optim ization algorithm s, ju s t adds to each conjugate search d irection the m ultip le of the initial search d irectio n th a t gives o rth o g o n ality to th e initial change in gradient. It is useful for 're s ta r ts ' th a t
n c tio n is n o t q u a d ra tic , a n d it can p ro v id e c o n ju g ac y in c o n stra in e d c a lc u la tio n s w h e n som e e a rlie r c h an g e s o f v a ria b les h ave b e e n re s tric te d b y c o n s tra in t b o u n d a rie s (1978 e,coauthor R . B en v o n c o n ju g a te g ra d ie n ts in c lu d e s a device fo r ach ie v in g th e least v alu e o f a q u a d ra tic fu n c tio n w ith o u t any ex act lin e search es (1 9 8 5 J , c o a u th o r O . S. B ro o k er).
W h e n so lv in g n o n lin e a r c alc u la tio n s M a r tin u su ally p re fe rre d to ap p ly th e 'se p a ra b le p ro g r a m m in g ' te c h n iq u e . In its b asic fo rm it re q u ire s each n o n lin e a r fu n c tio n to d e p e n d on o n ly on e v a ria b le, a n d o fte n th is c o n d itio n can b e ach iev ed b y a re fo rm u la tio n o f th e c alc u la tio n o r b y th e in tro d u c tio n o f som e n ew v a ria b les. H e fo u n d th a t th e m e th o d is su ita b le fo r a w id e ra n g e o f p ro b le m s (see 19656 a n d 1968, fo r ex am p le), a n d he in c re a se d its u se fu ln e ss g re a tly b y h is w o rk w ith J. A . T o m lin (1 9 70g) o n ' sp ecial o rd e re d s e ts ', w h ic h are as follow s.
T h e sep a ra b le p ro g ra m m in g te c h n iq u e m ak es a p iecew ise c o n sta n t o r a piecew ise lin e a r a p p ro x im a tio n to each n o n lin e a r fu n c tio n o f o ne v a ria b le. T h u s each sec tio n o f an a p p ro x im a tio n d e p e n d s o n o n e o r tw o v alu es o f th e u n d e rly in g n o n lin e a r fu n c tio n . T h e re is a n o n -n e g a tiv e v a ria b le fo r every fu n c tio n v alue th a t is u sed . T h e s e v a ria b les are w eig h ts th a t su m to one, a n d th e p iecew ise c o n sta n t o r p iecew ise lin e a r cases are o b ta in e d b y allow ing o nly one o r tw o a d ja c e n t v a ria b les to be n o n -z e ro . T h e success o f th is a p p ro a c h in p ra c tice d e p e n d s o n h o w th e se c o m b in a to ria l c o n d itio n s o n th e v a ria b les are ach iev ed . I t is u su al to em p lo y a 'b ra n c h an d b o u n d ' m e th o d : h e re one solves a seq u e n c e o f c alcu latio n s w h e re th e c o n stra in ts o f each one are o n ly lin e a r e q u a tio n s a n d sim p le b o u n d s on th e v ariab les (th a t can force som e o f th e v ariab les to take p re s c rib e d values). U su a lly a so lu tio n o f a trial c alc u la tio n does n o t satisfy th e c o m b in a to ria l c o n d itio n s, a n d th e n it m ay b e re p la ce d by tw o new tria l c alcu latio n s w hose c o n stra in ts define d isjo in t reg io n s th a t e x clu d e th e so lu tio n th a t has ju s t b e e n fo u n d b u t th a t c o n ta in th e re q u ire d so lu tio n . S pecial o rd e re d sets p ro v id e h ig h ly su ccessfu l w ays o f m ak in g th e se sp lits. Specifically, if on ly one o f th e m v ariab les {vt : i = 1 ,2 , ..., m} m ay be n o n -z e ro , b u t if v i a n d v } are b o th n o n -z e ro in a tria l so lu tio n w h e re i < j , th e n th e ' (SI) set ' stra teg y re q u ire s = . = = 0 in one o f th e new calcu latio n s a n d v k+1 = v k+2 = . . . = v m = 0 in th e o th e r one, w h e re th e in te g e r k is ch o sen fro m th e in te rv a l [i, j -1]. A lte rn a tiv e ly , in th e case o f piecew ise lin e a r a p p ro x im a tio n w h ere tw o a d jacen t v ariab les m ay be n o n -z e ro , if th e tria l so lu tio n is in feasib le b ecau se < 7 -1, th e n th e ' (S2) set ' stra teg y em p lo y s th e a lte rn ativ es = = . . . = v k_x = 0, o r v k+i = v k+2 = . . . = v m -0, w h ere now f + 1 ^ k H is view o f th e m e rit o f th is a p p ro a ch c h an g e d o ver th e years. In his book (1968) , he w rite s: ' S ep arab le p ro g ra m m in g is p ro b a b ly th e m o st u sefu l n o n lin e a r p ro g ra m m in g te c h n iq u e ', a n d his first p a p e r on C G A P states 'M an y p ro b le m s can be fo rm u la te d v ery n a tu ra lly in sep arab le te rm s, and I have often extolled th e v irtu es o f sep arab le p ro g ram m in g . It is th e re fo re sad for m e to have to a d m it th a t we have m ad e little use of separable p ro g ra m m in g recen tly . * H is first tw o p ap ers w ith J. J. H . F o rre st (1976<2, 1978c) , how ever, p ro v id e d ideas an d te ch n iq u es th a t h e lp ed to resto re separable p ro g ra m m in g to first place am o n g his m e th o d s for n o n lin e a r fu n ctio n s. T h e y give careful c o n sid e ra tio n to th e choice o f th e in teg er k of th e p revious p a ra g ra p h an d find good w ays o f selecting it. T h e y p ro p o se an in te rp o la tio n te ch n iq u e for a d d in g m o re fu n c tio n values au to m atically w here it is ad v an tag eo u s to im p ro v e th e accuracy of a piecew ise a p p ro x im atio n . T h e y in tro d u c e 'linked o rd e re d sets ' to process p ro d u c ts of th e fo rm ) d irectly , w here is a v ariab le an d w here f ( x) is a fu n c tio n o f one v ariable th a t is tre a te d by sep arab p ro g ram m in g (see also 1980*/). T h e ir later p a p er (1978 c) , w h ich is m u c h easier to read th a n reference 1976 a ,gives several n u show th a t separable p ro g ram m in g is su itab le for calcu latin g global so lu tions o f no n -co n v ex o p tim izatio n p ro b lem s, b ecause th e a p p ro x i m atio n s to n o n lin ear fu n ctio n s ap p ly th ro u g h o u t th e ir ranges. C G A P , how ever, em ploys local ap p ro x im atio n s th a t are usually valid only for sm all changes to th e variables. T h is is th e p o in t th a t seem s to have been decisive in M a rtin 's ev entual p referen ce for separable p ro g ra m m in g over C G A P . 1985 (19746, 1977 19796, 19856) . (1979 c, 1983) . O il field e x p lo ratio n is co n sid ered (1986 a) fro m a stochastic p o in t o f view : several statistical q u estio n s are discussed, for exam ple th e p re d ic tio n o f th e u n d isco v ered resources in an area by ex trap o latin g fro m th e n u m b e r of successes and failures o f drillin g s th a t have already been m ade.
T h e advantages o f c o n stru c tin g and o p tim izin g such m odels is a m ain th e m e o f th e 1980 B lackett M em o rial L e c tu re (1 9 8 0 /). H ere M a rtin d istin g u ish es betw een ro u tin e calculatio n s w h ere th e u sefulness of n u m erical resu lts has been established, an d initial speculative a tte m p ts at m o d elling. H e em phasizes th a t often in th e la tte r case th e m ain benefits o f an o p tim izatio n calculation are th a t its fo rm u latio n co n cen trates th e m in d on th e p rin cip al features of th e field o f stu d y , and th a t u n accep tab le n u m erical resu lts m ay yield im p ro v em en ts to th e m odel. Because this p o in t of view is tenable only if th e o p tim izatio n itself does n o t re q u ire m u c h effort, a m ajor p u rp o se o f th is p a p er (and o f 1969 a, 19846 and 1985 a) is to explain to o p e ra tio n al research ers th a t th e d ev elo p m en t o f m a th e m atica l p ro g ra m m in g system s has m ad e th e o p tim iz a tio n o f th e p a ra m ete rs o f a w ide range o f m odels easy an d reliable. A n o th e r in te re stin g an d general p a p e r on m o d ellin g is referen ce 1980 c: it gives p a rtic u la r a tte n tio n to avoiding pitfalls th a t can cause severe loss o f efficiency in su b se q u e n t o p tim iz a tio n calculatio n s. O n th e th eo re tic al side o f o p eratio n al research he c o n trib u te d a sh o rt p ro o f th a t, in m u lti objective a ssig n m en t p ro b le m s, efficient so lu tio n s c an n o t be d o m in a te d by lin ear co m b in atio n s o f efficient solu tio n s (1984 a).
H is ex p ert know ledge o f b o th m a th em atical p ro g ra m m in g an d statistics has p ro v id e d som e p ap ers th a t do m o re th a n ap p ly in g o p tim iz a tio n te c h n iq u es to statistical p ro b lem s. In p a rtic u la r referen ces 1962 (c o a u th o r G . P. M . H eselden) and 1 966a ad d ress B lotto gam es, w h ere 'T h e C olonel B lotto gam e is a m ilitary d ep lo y m e n t p ro b le m fo u n d in C a lib a n 's W eek end P ro b lem s B o o k '. A n exam ple th a t he gives is th e sitin g o f m issiles to defend ta rg e ts against b o m b e r attacks, w h en th e to tal n u m b e r o f m issiles is fixed and is few er th a n necessary to d efen d all th e ta rg e ts ad eq u ately. S uch gam es are co m b in ato rial p ro b le m s th a t can be so large th a t one aim s only for an ap p ro x im ate so lutio n . H e reco m m en d s allow ing th e d e p lo y m en ts to be p ro b a b ility d is trib u tio n s to achieve convexity, for th is m akes th e calculation m u c h easier. T h e m ain idea is illu stra te d by th e re m a rk th a t th e average o f 3 m issiles and 5 m issiles is n o t 4 m issiles b u t 3 m issiles h alf the tim e and 5 m issiles h a lf th e tim e. T h e o p tim al so lu tio n of th e new p ro b le m usually suggests a n e ar o p tim al so lu tio n o f th e o rig in al calculation. C lu ster analysis is th e su b ject o f referen ce 1969 A n a lg o rith m for assigning p o in ts to clu sters is p ro p o se d th a t red u ces th e n u m b e r o f clusters iteratively, and th a t exchanges p o in ts b etw een clu sters on each ite ra tio n u n til a local m in im u m is fo u n d . T h e re is a d iscu ssio n o f statistical tests for choosing the n u m b e r of clu sters. S tatistics is also m erg ed w ith op tim izatio n in a p a p er on stochastic p ro g ram m in g (1980 a, c o au th o rs J. J. H . F o rre st and C. J. T a y lo r). H e re co m m o d ities are m a n u fa ctu red , stored and sold in a sequence o f tim e p erio d s, th e only d ev iation from linear p ro g ram m in g bein g a ra n d o m elem en t in th e d e m an d for c u rre n t and fu tu re pu rch ases th a t d ep en d s on p rev io u s sales (w hich are know n). Som e choices o f su itab le d istrib u tio n s for th e ran d o m n ess are co n sid ered , and they yield n o n lin e a r fu n ctio n s th a t are tre a te d by special o rd e re d s e ts ; consequences of these choices are illu stra te d by sm all n u m erical calculations. T h is difficult w ork is ex ten d ed (19866, co au th o rs G . B. D an tzig and R. D . W atso n ) to cases w here som e of th e coefficients of the ' linear p ro g ram m in g p ro b lem ' (for exam ple th e cost of m an u fa ctu rin g one u n it of som e o f th e co m m o d ities in th e c u rre n t tim e p eriod) are also stochastic.
In te g e r p ro g ram m in g is co m b in ed w ith statistics in an efficient algo rith m for d iscarding variables in linear regression (19676, co au th o rs M . G . K endall & D . W . M an n ). H ere a ra n d o m variable is to be estim ated as well as possible by a linear com bination of not m ore than r out of p random variables, w here p and r are given w ith r < p. T h is calculation w ould be ordinary linear regression if the set of non-zero coefficients were know n, b u t it has to be chosen autom atically to m inim ize the residual sum of squares. T h e algorithm solves a sequence of linear regression problem s w ith various num bers of param eters, because it takes advantage of the fact th at it is easy to update the solution w hen there is an addition to or a deletion from the set of coefficients that are allowed to be non-zero (see also 1970 and 1 974/). T hese additions and deletions are controlled by a branch and bound stra te g y : for example a coefficient m ust be non-zero finally if, w ithout it, the residual sum of squares is always larger than a value that has already been calculated by using at m ost r non-zero coefficients. D etails of a general form of this integer program m ing procedure are given in reference 1970 c. In two papers (1970/, 1982 a) he com pares the algorithm in reference 19676 w ith some other m ethods for the discarding of variables problem . M oreover, it is shown (1974d, coauthor P. C. H utchinson) that it is futile to increase r if, at the solution, there are fewer than r non-zero coefficients.
H is other contributions to statistics are m ainly academic. In 1959 (19596, coauthor C. L. M allows) a necessary condition was found for the existence of an independent random variable Z such that = Y+Z, w here X and Y are given random variables. Reference 1960 is a tour-de force on confidence regions in nonlinear regression. A ssum ing that errors of observations are norm al and unbiased it considers w hether level sets of the m axim um likelihood function are suitable estim ates of confidence regions. L etting xb e a given observation of an unknow n rando th at could have the true value y , the key question is w hether the probability of observing y when x is true is a good approxim ation to the probability of observing x w hen y is true. T h e answer depends on departures from linearity that cannot be corrected by reparam eterization, and some ways of estim ating the m agnitude of this effect are suggested. Some approaches to the m issing values problem of linear regression are studied in reference 1975c (coauthor R. J. A. L ittle): crudely speaking this is a least squares calculation w ith some unknow n m atrix elem ents. From the statistical point of view, however, these elem ents are observations of correlated random variables, so one can find the m ost likely values of coefficients even if there are no com plete rows of data. It is pointed out that some algorithm s for this calculation give biased estim ates, and there are some illum inating num erical results. In reference 1979 a (coauthor R. G. Seeley) it is shown that algorithm s for linear least squares calculations can be used to solve a problem that has serial correlation in the errors of successive observations. T h e 1984 Kendall M em orial Lecture (1985 c) begins with a view of Sir M aurice's five careers and reminisces a little on reference 19676. T h e main subject is control variables and M artingales. It is explained that when analysing som e stochastic m odels it can be very help fu l to m ake co m p ariso n s w ith sim p ler m odels. T h e idea is to express an o u tco m e of th e original m odel as th e sum of an o utcom e of a sim p ler m odel, and o f th e difference b etw een the tw o outcom es, the in te n tio n b ein g th a t th e first te rm is relatively easy to analyse and th e second te rm has a m u ch sm aller variance th a n th e outcom e of the original m odel. T w o exam ples o f th is te ch n iq u e are g iv e n : one d e m o n strates a way of avoiding bias an d th e o th e r one is a q u eu ein g p ro b lem . As usual M a rtin co n cen trates on resu lts th a t are valuable to practical calculations.
In reference 1963a he w rote 'F o r th e benefit of those w ho, like th e p re sen t au th o r, p refer n u m b e rs to form ulas, I now p re sen t a m in ia tu re scale n u m erical exam ple. ' T h is inclin atio n to w ard s actual calculations, an d th is in te n tio n to co m m u n icate his w ork in sim ple te rm s are typical o f his illu strio u s career. T o m lin . F u rth e r, I w ish to th a n k n o t only th e o th e r c o n trib u to rs to this m em o ir b u t also the larger n u m b e r of people w ho kindly offered m aterial th a t has n o t been in clu d ed .
T h e p h o to g ra p h re p ro d u c ed was taken in 1979 by G o d frey A rg en t.
